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Very high purrty InP layer grown by liquid-phase epitaxy using 
erbium gettering 
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(Received 10 July 1992; accepted for publication 21 September 1992) 
Very high purity InP layers have been grown by liquid phase epitaxy using rare-earth erbium as 
the donor-gettering source. All the Er-doped samples still exhibit n-type conduction, but its 
carrier concentration decreases with increasing the Er amount into the growth solution. The 300 
K electron concentration as low as 7~ lOI cme3 has been achieved on high-purity layers. By 
low-temperature photoluminescence measurement, the donor impurities of the InP samples have 
been obviously reduced due to the Er gettering. The free-exciton line with a linewidth of 0.9 meV 
dominates in the exciton spectra and the intensity ratio of free exciton to 
exciton-bound-to-neutral-donor lines exceeds 2.6 for the high-purity layers with n =7 X lOI 
cm-3. 
Indium phosphide is a promising material for micro- 
wave and optoelectronic device applications because of its 
high saturation velocity and direct band gap structure. 
Much effort has been devoted to the growth of high-purity 
epitaxial layer of InP in the last several years. The electri- 
cal and optical properties of InP grown by the major tech- 
niques, such as molecular-beam epitaxy (MBE) ,lv2 
metalorganic chemical vapor deposition (MOCVD) ,3 va- 
por phase epitaxy (VPE),’ and liquid phase epitaxy 
(LPE),5 are limited by the higher residual impurity levels. 
Skolnick et al.’ have reported that S and Si are the domi- 
nant inadvertent contaminants in high purity materials 
prepared from growth solutions by LPE. In order to obtain 
LPE InP layers with electron concentrations in the 10” 
cmW3 range or below, it has been found by a number of 
workers?” that a long bakeout of the In charge or growth 
solution under very dry H,, before commencement of 
growth, is necessary. It is believed the treatment removes 
volatile impurities such as Zn, Mg, Cd, Te, and Se from the 
In melt by evaporation. However, S may not be removed 
because of the formation of In-S compounds, whereas Si 
will remain behind because of its low vapor pressure. Some 
workers’ introduced the fractional parts per million of O2 
or H20 in the H, ambient to oxidize the Si and thus pre- 
vent its incorporation into the epitaxial layer in electrically 
active form. The rare-earth elements are very well known 
for their chemical activity, i.e., a very strong affinity to 
oxygen and group VI elements. It may thus be expected 
that the presence of rare-earth elements during growth 
leads to efficient gettering of these impurities which act as 
donors in III-V semiconductors. Such an effect has been 
claimed to occur in the epitaxial growth InP doped with 
the rare-earth elements.‘-’ ’ 
In this letter, we report the LPE growth and charac- 
terization of high-purity InP layers by introducing the 
rare-earth element Er into the growth solutions. It is 
shown that the presence of Er during growth would lead to 
efficient gettering of donor impurities and thus can obtain 
the high-purity material. This is the first report to grow the 
high-purity InP layers by using Er as the gettering source 
and to present the exciton-related lines in the photolumi- 
nescence (PL) spectrum. 
Growth was carried out by LPE under a Pd purified 
H, ambient. The substrates were Fe-doped high-resistivity 
( 100) InP wafers misoriented 0.5” towards the [l lo] direc- 
tion. The Er concentrations in the LPE growth solutions 
were varied in the range of from 0 to 0.70 wt %. The melt 
components In and Er were first prebaked at a high tem- 
perature of 850 “C! for 10 h to reduce the background con- 
centration. After the baking process, the polycrystalline 
solutes of InP were added to the prebaked melt and the InP 
substrate was loaded to the graphite boat. The thickness of 
InP epitaxial layers during a fixed growth period of 5 min 
was typically 2 to 3 pm. The carrier concentration was 
measured by electrochemical capacitance-voltage ( C-V) 
profiling and/or Hall methods. The low-temperature pho- 
toluminescence measurements were carried out to evaluate 
the quality of the InP layers. The layers were excited with 
the 5 14.5~nm line of an argon ion laser illuminating an area 
- 1 mm in diameter. The luminescence was resolved by a 
0.85 m Spex 14014 double spectrometer and detected by a 
photomultiplier in connection with conventional lock-in 
techniques. Details of the growth conditions and charac- 
terization techniques were given elsewhere.‘? 
Unintentionally doped InP layers give n-type conduc- 
tion and have a background carrier concentration and a 
mobility at 300 K of 2~ lOi6 cmY3 and 3390 cm”/Vs, 
respectively. All the Er-doped samples still exhibit the n- 
type conduction, even though the relatively large amounts 
of Er (up to -0.70 wt %) were added to the growth so- 
lution. Figure 1 shows the 300 K electron concentration of 
the InP layers as a function of Er weight percent in growth 
solution, Er wt %. It indicates that the electron concentra- 
tion rapidly falls off with increasing Er wt %. Above this 
value of -0.2 wt %, the resistance of the Er-doped InP 
layers is too high to be measured in our Hall systems and 
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FIG. 1. The room-temperature electron concentration of InP layers as a 
fu,nction of Er weight percent in growth solution, Er wt %. 
the carrier concentration was measured by electrochemical 
C-V measurements. Nevertheless, the carrier concentra- 
tions have been effectively reduced to the range of - lOI 
cmm3 in the presence of Er. These carrier concentrations 
are lower than or comparable to those previously reported 
by an extended bakeout of the growth melt6” or by com- 
plicated processes and other growth techniques.‘s4T13*14 
Figure 2 shows the low-temperature PL spectra in the 
range 8600-9600 A for the undoped and Er-doped samples 
when excited by 70 mW/cm2. The 9 K PL spectrum of the 
undoped layer with n=2 X 1016 crnw3 exhibits the peak A 
located at 8770 A by the impurity-bound excitons and the 
band (D”, A”) located at 8980 A by the donor-acceptor 
transition with the acceptor likely being carbonI The Er- 
doped sample doped with an amount of 0.21 wt %  has an 
electron concentration of 5  X lOI cm-3. The PL spectrum 
of the Er-doped sample is clearly dominated by the near 
band gap transition excited at 8740 A and the lumines- 
cence of (D, A”) transition is almost absent. In addition, 
the full width at half-maximum (FWHM ) of the Er-doped 
layer is only 2.1 meV which is much narrower than that of 
7.7 meV for the undoped layer. This indicates that the 
donors in the LPE layers are effectively gettered by the 
rare-earth element Er due to its strong affinity to these 
impurities. 
Er-doped layers with a carrier concentration of (a) 5 
x 1014, (b) 2~ 10t4, and (c) 7~ lOI cmp3 which corre- 
sponds to the Er amount of (a) 0.27, (b) 0.45, and (c) 
0.60 wt %  in the growth solution, respectively. They all 
exhibit different lines identified as free exciton (FX), exci- 
ton bound to neutral donor (D, X) and ionized donor 
(D+, X), neutral donor to hole (Do, h), and exciton bound 
to acceptor (A”, X). Various components of ( D, X) n result 
from different angular momentum states of the j=3/2 hole 
characteristic of the Is valence band maximum.‘6 The po- 
sition in energy of all the lines and their identification are 
in accordance with Ref. 17. In the curves (a) and (b) of 
Fig. 3, the excitonic spectra are dominated by the free 
exciton and donor related bound exciton which the high 
states of (LY, X) merge on the low-energy side of the free 
exciton. Consistent with the weak (LY, A”) as shown in the 
curve (b) of Fig. 2, the recombination of (A”, X) is only 
much weakly observed in Fig. 3. W ith reducing the carrier 
concentration, the free-exciton lines can be resolved to 
have a FWHM of 0.9 meV and are located at 8730 %, 
(1.420 meV> and 8739 A (1.4188 meV), in good agree- 
ment with previous work on the subject.17v*8 The intensity 
ratio of (FX)/(D’, X) lines for the sample with n=7 
X 1013 cme3 exceeds 2.6 which is better than that of 1.25 
reported previously.3 
Figure 3 shows the 9 K PL spectra excited at 20 mW/ 
cm2 in the near gap-edge region from 8720 to 8765 A for 
In summary, it is demonstrated by electrical measure- 
ment and low-temperature photoluminescence that very 
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FIG. 2. The 9 K PL spectra in the range from 8600 to 9600 %, for the 
undoped and Er-doped samples when excited by 70 mW/cm’. 
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FIG. 3. The 9 K PL spectra excited at 20 mW/cm’ in the near gap-edge 
region from 8720 to 8765 8, for Er-doped layers with a carrier concen- 
tration of (a) 5X 10L4, (b) 2X 1014, and (c) 7~ 10’” cmp3. 
pure-InP epitaxial layers can be grown by LPE using the 
erbium as the donor-gettering source. The carrier concen- 
trations as low as 1 X lOI cm-s are easily achieved by 
introducing an optimum amount of Er into the growth 
solution without a long bakeout of the growth melt or 
special and complicated processes. This property of donor 
gettering in the presence of Er is useful to grow the high 
purity epitaxial layers for the application in photodetector 
devices. 
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